Abstract To assess the role of hypertension in asymptomatic cerebral lacunae, we evaluated cranial computed tomography in 76 untreated hypertensive patients, 173 hypertensive patients treated with antihypertensive drugs, and 69 agematched normotensive control subjects who were more than 60 years of age and without a history of stroke. Cerebral lacunae were diagnosed by computed tomography as a hypodense lesion less than 15 mm in diameter seen on a single 10-mm scan section. The factors contributing to lacunae were determined by stepwise discriminant analysis. Single or multiple cerebral lacunae were revealed in 27.6% (21 of 76) of untreated hypertensive patients, 17.3% (30 of 173) of treated hypertensive patients, and 7.2% (5 of 69) of normotensive control subjects. Incidence of lacunae was significantly higher in hypertensive patients than normotensive control subjects.
S ince computed tomography (CT) has become
widely available, it is quite common to find evidence of previous cerebral infarction verified by CT in the absence of a history of prior stroke. The incidence of asymptomatic or silent stroke was reported as 11% by diagnostic investigation of 1203 cases of acute stroke cases registered in the Stroke Data Bank by the National Institute of Neurological and Communicative Disorders and Stroke. 1 The same incidence was reported by Kase et al 2 in the Framingham study. Lacunar infarcts have been defined pathologically by Fisher 3 as small infarcts that lie in the deeper noncortical parts of the cerebrum and brain stem as a result of occlusions of the penetrating branches of the large cerebral arteries. Larger lacunae (>1.5 cm) tend to be symptomatic, whereas smaller ones are liable to be asymptomatic unless located in a sensory or motor tract. 34 Many authors emphasize the prevailing role of hypertension in the pathogenesis of lacunae, 35 but the contribution of hypertension in the development of lacunae has been questioned recently.
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The aim of the present study was to evaluate whether asymptomatic cerebral lacunae verified by CT occurred more frequently in patients with essential hypertension compared with normotensive control subjects. In addition, contributing factors for cerebral lacunae are identified in hypertensive patients by stepwise discriminant analysis.
Methods
A total of 318 elderly outpatients (129 men and 189 women; mean age, 69.9 years; range, 60 to 91 years) were studied at the Department of Internal Medicine in NTT Izu-Teishin Hospital From the Department of Internal Medicine, NTT Izu-Teishin Hospital, Shizuoka, Japan.
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from September 1991 to August 1992. Only patients without a history of stroke and displaying normal neurological function after examination by a neurologist (one of the authors) were included in this study. The study group comprised 76 patients with essential hypertension but not receiving antihypertensive drug therapy (35 men and 41 women; mean age, 68.2 years; range, 60 to 83 years); 173 patients with essential hypertension who were taking antihypertensive medication (69 men and 104 women; mean age, 69.5 years; range, 60 to 86 years); and 69 age-matched normotensive control subjects (25 men and 44 women; mean age, 71.7 years; range, 60 to 91 years). Hypertension was diagnosed when blood pressure values of 160/95 mm Hg or higher were recorded on three successive measurements at the outpatient clinic from patients not receiving antihypertensive medication. Patients not on medication received the CT examination before beginning treatment. The normotensive control subjects were selected from volunteers who visited the outpatient department for routine physical checkups during the same period and exhibited no abnormalities in routine laboratory tests. Subjects who had persistent atrial fibrillation, previous myocardial infarction, vascular bruit on the carotid arteries, or glucose intolerance (fasting serum glucose levels ^6.1 mmol/L) were excluded from this study because of the previously reported high incidence of lacunar infarcts in these patient groups. Clinical information about the patients was obtained from medical records that included duration of hypertension, daily alcohol intake, and dairy tobacco consumption. Blood pressure values used were averaged from measurements taken with the subject in the sitting position at the outpatient clinic during 3 months before CT examination. Blood specimens for measuring hematocrit, platelet count, serum levels of creatinine, uric acid, glucose, hemoglobin A lc , cholesterol, high-density lipoprotein (HDL) cholesterol, and trigh/cerides were taken 12 hours after fasting. Evaluation of hypertensive organ damage was made by physical and routine laboratory examinations, chest radiographs, electrocardiograms (ECGs), and funduscopy. Electrocardiographic evidence of left ventricular hypertrophy (LVH) was classified into four grades: grade 1, normal; grade 2, abnormally high voltage of the QRS complex (R in V 3 plus S in V, £3.5 mV); grade 3, high voltage associated with a moderate ST segment depression (0-5 to 1.0 mV) and flat or diphasic T waves; and grade 4, marked ST segment depression (> 1.0 mV) and diphasic
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or negative T waves. Hypertensive retinopathy was graded 0 to 4 according to Scheie's classification for hypertensive change and sclerotic change. All CT scans were obtained parallel to the ortoitomeatal line with sections 10 mm thick using a highresolution CT scanner (Quantrex RX, Yokogawa Medical Systems Co, Tokyo, Japan; scan time, 4 seconds; window level/ window width setting, 40/80). The CT criteria for lacunae included a clearly delineated area of hypodensity less than 15 mm in maximal diameter without mass effect or edema in a vascular distribution. The CT scans were read by a radiologist who was unaware of the clinical data. Each subject gave informed consent to the study, and the study protocol was approved by the ethics committee of NTT Izu-Teishin Hospital.
Differences in the mean values of clinical and laboratory variables were evaluated using two-way analysis of variance with CT-verified lacunae and antihypertensive therapy as grouping variables. The x 2 test was used to calculate P values for categorical variables. Discriminant analysis was performed based on a stepwise forward-backward procedure to determine significant predictors for the presence or absence of lacunae in hypertensive patients. The F value for a candidate's entrance or removal from the discriminant function test was set at 2.0.
Results
Single or multiple cerebral lacunae were revealed by CT in 27.6% (21 of 76) of untreated hypertensive patients, 17.3% (30 of 173) of treated hypertensive patients, and 7.2% (5 of 69) of normotensive control subjects. Lacunae were located in the basal ganglia, thalamus, or corona radiate in those areas supplied by the perforating arteries. The incidence of lacunae was significantly higher in untreated hypertensive patients than in normotensive control subjects (i>=.001). Treated hypertensive patients showed a trend for a lower incidence of these lesions compared with untreated hypertensive patients (P=.O64), but the incidence was still higher than the normotensive control subjects (F=.O44). Table 1 shows the mean values of clinical and laboratory variables according to the presence of lacunae and antihypertensive therapy. Hypertensive patients with lacunae were older and thinner (lower body mass index) and had a longer duration of hypertension, higher blood pressure levels, higher grade of hypertensive organ damage (cardiothoracic ratio, grade of LVH from ECG, hypertensive and sclerotic changes of optic fundus), and higher serum creatinine and lower serum HDL cholesterol concentrations than nonlacunar hypertensive patients. Serum uric acid and glucose levels showed a significant relation to antihypertensive therapy but were not related to the presence of lacunae. Table 2 shows the results of stepwise discriminant analysis with the presence of lacunae as a dependent variable. Two models are presented: first with untreated hypertensive patients and second with treated hypertensive patients. Selected independent variables were age, duration of hypertension, history of tobacco use, body mass index, mean blood pressure, grade of LVH from ECG, hypertensive change of the optic fundus, and serum levels of creatinine and HDL cholesterol. In general, the results of both models were similar with the exception of mean blood pressure. Grade of hypertensive change of the optic fundus, duration of hypertension, body mass index, and serum levels of HDL cholesterol and creatinine were determined as significant contributing factors in both models. In treated hypertensive patients, mean blood pressure was estimated as the most strongly contributing factor, and grade of LVH from the ECG also was listed as a significant factor. The overall corrected rate using each discriminant function was 93.4% and 83.2% in untreated and treated hypertensive patients, respectively.
Discussion
The results of this study indicate that hypertension does predispose to lacunar infarcts and that the severity and duration of hypertension correlate positively with lacunar infarct presence. The question of the contribution of hypertension to lacunar infarcts is of substantial clinical importance. Atherosclerosis and lipohyalinosis in single, deep, penetrating arterioles, ie, small-vessel occlusive disease, associated with hypertension is traditionally thought to be a common cause of lacunar infarcts.
3 However, other etiologies of lacunar infarcts, including emboli from occlusive lesions of the carotid artery 7912 or cardiac origin, 1112 have been postulated.
Because it is considered desirable to study the contribution of hypertension for lacunar infarcts in a homogeneous population, patients with chronic atrial fibrillation, myocardial infarction, diabetes mellitus, and carotid bruit were excluded from this study. Several reports have indicated carotid or cardiac embolic origin in approximately one third of all patients presenting with lacunar infarction.
7
-9 " 12 Further clinical attempts to exclude occlusive lesions of the carotid arteries or emboli from a cardiac source may be necessary for clarifying the precise predisposition of hypertension on asymptomatic lacunar infarcts.
One of the most important findings in this study is that HDL cholesterol was low in lacunar hypertensive patients and was estimated as one of the significant predictive variables for lacunae by discriminant analysis in both untreated and treated hypertensive patients. The relation of blood lipids and lipoproteins to coronary heart disease is well established, but their relation to stroke is less clear. Decreased HDL cholesterol level was found to be associated with cerebral infarction, 13 " 16 but its association with the subtypes of stroke is a topic of controversy. Pedro-Botet et al 14 reported that HDL cholesterol decreased in all patients with ischemic cerebrovascular disease, but there was no difference in HDL cholesterol levels between atherothrombotic and lacunar groups. These results as well as those of the current study support the concept that decreased HDL cholesterol levels are one of the risk factors for lacunar infarcts as well as the cortical type of cerebral infarction. On the other hand, two studies found a difference in HDL cholesterol level for stroke subtype. Adams et al 15 observed that patients with lacunar infarction had higher HDL cholesterol levels than patients with cortical strokes, even though both groups had identical serum cholesterol levels. Murai et al 16 demonstrated that the mean values of HDL cholesterol for both sexes
